Streptomyces hygroscopicus var. limoneus is known to produce validamycins
Validamycins have been shown to be susceptible to microbial attack and their addition to soil has resulted in a complete loss of biological activity by soil microbes.11) Microbial degradation of validamycin A by Pseudomonas denitrificans was reported in the previous report.9) The microbial hydrolysis by Ps. denitrificans is non-specific for a-and (3-glucosidic linkages, and both validamycins A and D are hydrolyzed to D-glucose and validoxylamine A in the first step.
The further decomposition of validoxylamine A proceeds via validamine6,9) and valienamine9) which can be isolated as the intermediate products.
Microbial transformations of many antibiotics12,13) including hydrolytic cleavages and prepara- and kanamycin16) as substrates, were reported. A large number of the microorganisms was subjected to the screening of strains capable of hydrolyzing selectively a-or P-glucoside linkage of validamycins A and D. Validamycins C, E and F were transformed into validamycin A by the selective microbial hydrolysis of an a-glucosidic linkage, and validamycins A, D and E were transformed into validoxylamine A by the selective hydrolysis of a Q-glucosidic linkage.
In Stock cultures in our laboratories and newly isolated microorganisms were subjected to screening of strains.
Basal media:
The following basal media were used in this study. Cultivation and assay A test strain was inoculated in the medium described above (each 5 ml in test-tube for the first screening test and each 30 ml in Erlenmeyer flasks for the preparation of transformation products) and incubated for 4-8 days at 28°C (for bacteria and yeast) or 24°C (for mold) under shaking conditions. The filtrate (0.1 ml) was evaporated to dryness in vacuo. The residue was dissolved in pyridine (0.1 ml) and silylated with bis(trimethylsilyl)acetamide and trimethylchlorosilane.
Validamycins A and D were qualitatively analyzed by gas liquid chromatographic method.8)
Isolation of microbial transformation products
The filtrates were adsorbed on a column of activated carbon and eluted with water containing 7 % n-butanol.
The eluate was adsorbed on a column of Dowex 50 W x2(H+ form), and the column was eluted with 0.5 N ammonia water.
After concentration to dryness, the residue was chromatographed on a column of Dowex 1 x 2(OH-form) by the use of water as developing solvent. The differential refractometer was used for the monitoring of the elution curve and each fraction was checked by the gas chromatographic assay.8) The combined fractions containing desired compound were concentrated in vacuo to dryness.
Preparation of 14C-labeled validamycin A An improved strain of Streptomyces hygroscopicus var. limoneus was used through these studies. A loopful amount of the stock culture was inoculated into a 200-ml Erlenmeyer flask containing 30 ml of the seed medium described in the previous paper,2) and incubated on a rotary shaker at 32°C for 48 hours. One milliliter of the seed culture was introduced into 200-ml Erlenmeyer flask containing 25 --30 ml of the production medium .2) The production flask was incubated at 32°C on a rotary shaker for 7 days. The 14C-labeled compound (D-[U-14C]glucose, [14C]validoxylamine A) was added aseptically to the culture of various age.
The culture broth obtained from the three 200-ml Erlenmeyer flasks was centrifuged. The mycelia were washed with water. The supernatant and washings were passed through columns of Amberlite IR-120 (H+ form, 10 ml) and Amberlite IR-45 (OH-form, 10 ml) successively. The effluent was subjected to a chromatography on Dowex 50 W x2(H+ form, 5 ml).
[14C] Validamycin A was eluted with 0.5N ammonia water, and the crude [14C]validamycin A was purified by Dowex 1 x 2(OH-form, 80 ml) chromatography using water as developing solvent.
Degradation of [14C]validamycin A by Pseudomonas denitrificans
A cell suspension of Pseudonionas denitrif:cans was inoculated in 20 ml of the medium (composed of glucose 2 ?9/, yeast extract 0.1 %, peptone 1 %, K2HPO4 0.5 %, KH2PO4 0.1 %, NaCl 0.2%, MgSO4.7H2O 0.02%, pH 7.2) in a 100-m1 Erlenmeyer flask and cultured on a rotary shaker at 28°C for 24 hours. This broth was transferred to a 1-liter Erlenmeyer flask containing 300 ml of the medium and incubated on a rotary shaker at 28°C for 72 hours. The cells were harvested by centrifugation and washed several time with water. Measurement of radioactivity Radioactivities were measured by Aloka LSC-502 liquid scintillation spectrometer in dioxane-naphthalene solution (naphthalene 1 g, PPO 120 mg, POPOP 3 mg, dioxane 7.2 ml, toluene 1.35 ml, methanol 0.45 ml). Aloka thin-layer chromatogram scanner Model TRM-1B was used for radio scanning of the chromatoplate.
Results and Discussion
Microbial Hydrolysis of Validamycins A and D to Validoxylamine A Screening for microorganisms decomposing validamycins was carried out as described above and the microorganisms were classified into three groups.
Group A: The microorganisms capable of hydrolyzing validamycin A into validoxylamine A; Erwinia aroideae, Corvnebacterium aquaticum, Oospora destructor, Rhizopus stolonifer, Syncephalastrum sp.
Group B: The microorganisms capable of hydrolyzing validamycin D into validoxylamine A; Endomycopsis fibuliger, E. chodatii, Endomyces decipiens, Candida intermedia, Candida sp.
Group C: The microorganisms capable of hydrolyzing both validamycins A and D into validoxylamine A which is further decomposed; Pseudomonas denitrifzcans, Ps. maltophilia, Ps. melanogenum.
The interrelation between the degradation of validamycin A or D and the formation of validoxylamine A by the microbial transformation reaction was summarized in Table 3 .
As shown in Table 3 , the formation of validoxylamine A was increased in proportion to the degradation of validamycin A or D in course of time, and the produced validoxylamine A was not practically decomposed by the strains that belong to the group A or B. However, validamycins A and D were decomposed rapidly by the strains that belong to group C, and the presence of validoxylamine A was observed only in the early phase of cultivation, because the resulting validoxylamine A was further decomposed thoroughly via validamine and valienamine.
Microbial Hydrolysis of Validamycins C, E and F to Validamycin A
The transformation of validamycin C to validamycin A was carried out with the strains that belong to group B. As is expected, the a-glucosidic linkage in validamycin C which has both a-and 8-glucosidic linkages, was selectively hydrolyzed to give validamycin A. This transformation has important significance because validamycin C is about 1,000 times less active than validamycin A against Pellicularia sasakii in the " dendroid-test ".3)
Validamycins E and F were also hydrolyzed to give validamycin A by using the strains that belong to group B. Typical runs were summarized in Table 4 . 
Incorporation of D-[U-14C]glucose into Validamycin A
In a typical run, D-[U-14C]glucose (70.66pCi) was added into 30 ml of the culture broth after 1 day from inoculation, and the fermentation and purification was carried out as described above to give [14C]validamycin A (specific activity 35.05pCi/g, incorporation rate 10.27 ?61). And also, it was shown that incorporation rate and specific activity appreciably varied by small differences of fermentation conditions. glucose after 5 days from inoculation showed that the D-glucose moiety was more labeled than the validoxylamine A moiety as shown in Table 2 . Table 5 were isolated. The The strains found in the present studies were Rhodotorula glutinis, R. marina, R. lactosa and R. rubra as shown in Table 6 . As described above, the selective hydrolysis of the glucosidic linkages (a-and (3-types) of validamycins and biological semi-syntheses of validamycins was achieved by several microorganisms by using validoxylamine A as an acceptor and a disaccharide as a glycosyl donor.
-D-Galactosyl-validoxylamine A, a new validamycin showed unfortunately less activity than validamycin A, however, the possibility of biological semi-synthesis of new validamycins was offered.
Although no definite information is available as to how the glucosidic bonds are formed in the biosynthesis of validamycin A and whether validoxylamine A is an intermediate or a
shunt product of validamycin A biosynthesis in the mycelia of S. hygroscopicus var. limoneus, it is most probable that validoxylamine A or its activated derivatives was biosynthesized at first and then followed by a transglucosidation reaction to produce validamycins A, C, D, E and F.
